In everyday life, movements are sometimes triggered by external sensory stimuli, like when the traffic light ahead turns from green to red and you move your foot from the gas pedal to the brake pedal in response. But many of our voluntary movements are spontaneous, meaning that they are not tied to any recent stimulus in the current sensory environment. This capacity affords us what Gold and Shadlen refer to as "freedom from immediacy" (1). Interest in so-called "self-initiated" movements has grown considerably since the discovery of the "Bereitschaftspotential," or readiness potential (RP), by Kornhuber and Deecke in 1965 (2), a slow buildup of neural activity in motor areas leading up to movement onset. This same slow buildup has since been observed at the single-neuron level in both humans and other animals (3-7). The RP was presumed to reflect the covert inner trigger for self-initiated movements: the process of "planning and preparation for movement" (8) . One question that naturally arises is: When, if at all, along the time course of the RP does the brain make the final commitment to initiate movement? Is there a point of no return after which the sequence of action potentials becomes "ballistic" and movement, although not yet happening, can no longer be aborted? This is the question that Schultze-Kraft et al. (9) ask through a clever experiment involving a direct brain-computer interface (BCI). On-line detection of the RP allowed them to present a stop signal when the probability of an impending movement was high. This process afforded the authors a unique perspective on the inhibition of voluntary, uncued actions.
In their EEG experiment, Schultze-Kraft et al. (9) asked subjects to press a button with their foot spontaneously, at a moment of their own choosing. A BCI was trained to predict upcoming actions in real time based on the RP. This approach allowed the researchers to present stop-signals at different times with respect to the onset of a self-initiated movement. Their BCI, although far from a perfect predictor of movement onset, allowed the researchers to deliver stop signals much more efficiently than a random distribution would. They also made very clever use of the classifier's false alarms, which they rightly point out may in fact have been a mix of true false alarms and "early cancellations": trials on which the subject was able to abort the movement very early on. The authors found that most stop-signals presented after 200 ms before electromyographic (EMG) onset could not prevent the start of EMG activity; and most stop signs after 50-ms post-EMG could no longer prevent a button press. It is important to keep in mind that the button press in this study was performed with a foot pedal, and this required (at least) two movements: (i ) lifting the foot so as to position it over the pedal and (ii ) pressing downward on the pedal. This relatively long time between EMG onset and button press allowed the authors to differentiate two points of no return, one for the initial EMG activity associated with lifting the foot, and another for pressing the pedal.
The results of Schultze-Kraft et al. (9) show that the movement goal-the button press-can still be withheld even when the first sparks of EMG activity have 9). Time t = 0 is the onset of the EMG signal. The decision to act is made between −1,000 and +50 ms, but cannot be associated with a particular neural event at a smaller time scale. Note that the rather long delay between EMG onset and button press is because of the fact that for a button the foot had to be lifted and moved to the button before pressing down. To whom correspondence should be addressed. Email: aaron.schurger@gmail.com. appeared, in line with previous research looking for a point of no return (10) . In fact, most of the aborted button presses occurred when the stop signal arrived just after EMG activity had begun. This finding suggests that the processes leading up to movement are never truly "ballistic," but rather in constant interaction with perceptual, cognitive, and other processes. The processes might be self-sustaining to some extent, meaning that when nothing interferes, they will continue to generate the activity patterns needed to control movement, but they remain open to external influences.
So what is known about the neural processes underlying a decision to perform a voluntary movement? Shenoy, Sahani, and Churchland (11) argue that voluntary movements are initiated by bringing the motor system into a region of state space from which the movement in question will ensue by virtue of the connectivity and current state of the system. It is conceivable that once activity is in this "optimal subspace," the motor system is abruptly drawn into the local attractor, with little chance of an override, consistent with a relatively late commitment to move (12) . This view is supported by recent evidence showing that action preparation can also be read out from muscle tonus (13) , suggesting that during movement preparation cortical, spinal, and peripheral systems are all interacting in triggering the upcoming movement. In addition, recent physiological findings in muscle spindles show that the activation of these receptor cells in the belly of a muscle does not correlate with current, but rather with upcoming muscle length (14), indicating not only feedback to the motor cortices about planned actions, but also constant input from the cortical motor system to the muscle spindles. So in a restricted task like this (i.e., only one button), it is imaginable that the exact timing of the movement is not exclusively decided in the motor cortex, but in interaction with the skeletomotor system (12) , and relatively late in the game with respect to the onset of EMG activity.
The study by Schultze-Kraft et al. (9) clearly shows that a neural commitment to act cannot be identified with the onset of the RP, over 1,000 ms before EMG onset in this study, because EMG can still be prevented up to 200 ms before EMG onset. Additionally, the peak of the RP cannot be associated with such a commitment either. The RP reported here peaks at 50 ms after EMG, so by the time the RP is at its peak the movement is already in progress (Fig. 1) .
Schultze-Kraft et al. (9) have found two sequential points of no return: one with respect to preventing an EMG signal, situated around 200 ms before EMG, and one related to preventing the button press, roughly 50 ms after EMG onset. The presence of dual points of no return is likely specific to their task, which required first lifting the foot (EMG onset) to then depress the button. Stop signals that were presented after 50 ms post-EMG onset were too late to catch up with the unfolding movement, and muscle tension or a button press could no longer be prevented. Note that in both cases the point of no return was about 200 ms before the relevant event. The fact that this interval is consistent with the "race model" (10) , according to which the processes that cause the movement and the processes that inhibit it race against each other. If the movementcausing processes win the race, then there is a movement despite the stop signal, whereas if the inhibitory processes win, then there is no movement. The race model has traditionally been used in the context of stimulus-triggered movement, in which case we know exactly when the response process began: with the presentation of the stimulus. However, there is no a priori reason why this model could not also account for spontaneous actions.
Note that from the fact that a point of no return was found at −200 ms, one cannot conclude that the decision is made at that time. A point of no return at −200 ms is as compatible with a decision to move at −200 ms as it is with a decision to move at −2 days. It is, however, in line with Libet's famous work on conscious intentions (15) . Libet et al., and many replications since (but see also ref. 16) , found that, when asked to report the time of their conscious decision to move, subjects reliably indicate ∼200 ms before movement onset as the decision time. Libet (17) argued that the decision to initiate movement must be preconscious, because the readiness potential appears to begin well before subjective estimates of the time of the conscious decision to move (by 300 ms or more). He tried to soften the consequences for proponents of conscious volition by suggesting that we can veto an impending movement during the final 200 ms before movement onset, which is when the decision to move goes from being preconscious to being conscious. However, according to Schultze-Kraft et al. (9) , the final 200 ms before movement onset is precisely when one can no longer veto the movement. Therefore, their data argue against the idea of the last 200 ms being a window of opportunity for acts of "free won't," and instead suggest that the subjectively reported time of the urge to move, although imprecise, is an accurate estimate of the time of the neural commitment to move.
